Hawking radiation from ultrashort laser pulse filaments 
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" l", 1) We have shown that our expcrmicnts satisfy three 
' of the conditions Hsted in Ref. pj , (time-independence, 
[ phase-squeezing, negative energies) and, as argued below, 
CSj ■ thermahty may not be an essential feature of Hawking 
emission. 

i) Time- independence: the authors of Ref. [l[ point out 
that the surface gravity leads to a characteristic time 
with respect to which the perturbation must remain sta- 
tionary. The surface gravity, as defined in Ref. [3], is of 
the order of k = c/(l ps). This acceleration gives rise 
to a variation of the photon velocity of dv = d{c/n) ^ 
{c/'n?)dn. The time scale for this variation is therefore 
dv/K ^ 1 fs, which is more than three orders of magni- 
tude shorter than the time-scale over which nearly sta- 
tionary, filament-like propagation is observed. 

ii) Phase-divergence at the horizon: this has been shown 
to occur . If we trace back in time the outgoing modes 
in the dispersionless case, we find that they suffer a phase 
divergence at the horizon with the same logarithmic na- 
ture as that pointed out by Hawking in his original work 
0. The phase divergence is maintained also in the dis- 
persive case, albeit to a limited extent, in agreement with 
the behaviour in other dispersive analogues. 

iii) Thermality: S. Hawking did originally predict a ther- 
mal spectrum. Yet it is also known that analogue systems 
that exhibit dispersion will not necessarily exhibit ther- 
mal emission and, even if they do, the temperature may 
not be related to the surface gravity (e.g. Q). It seems 
reasonable to assume a wider definition that we see based 
only on the essential ingredients required, namely spon- 
taneous photon or particle excitation due to the presence 
of an horizon (or even a rapidly forming horizon, see e.g. 

i). 


2) The authors of Ref. Q introduce a condition for which 
particle creation will occur, namely = ^hamc ^ 

Vpuisc • k. This condition simply implies that the presence 
of negative frequencies in the comoving reference frame 


leads to the generation of particles. This condition is so 
general that it also applies to Hawking radiation. 

3) The authors comment on the fact that "there is no 
exponential tearing (or compaction) by the horizon" be- 
cause "...there is no group velocity horizon": Hawk- 
ing emission occurs only with negative frequency output 
modes, i.e. w^^'j^'J, < which is clearly related to the exis- 
tence of an horizon for the phase velocity, as verified also 
by our experiments. Regarding group velocity horizons, 
numerical simulations (to be presented in a future pub- 
lication) clearly show that mode conversion occurs even 
in the absence of a group horizon. 

4) Photon numbers: a calculation of the total photon 
number emitted by a blackbody, as calculated in the co- 
moving reference frame leads to an estimation that is a 
few orders of magnitude lower than what is observed in 
the experiments. The large number of experimentally 
measured photons indicates a deviation with respect to 
the predictions for a static gravitational black hole which, 
in the different context presented in Q is probably not 
that surprising. This deviation may either indicate non- 
stationarity (e.g. related to a non-uniformity of the pulse 
velocity, as discussed in detail in [^) and/or the presence 
of additional "boundary" conditions (e.g. non-trivial in- 
put vacuum states Q)- We note that a full model for 
emission from superluminal perturbations has been de- 
veloped and gives a scaling factor Sn^ but, contrary to 
what is claimed in [l| , does give the same order of magni- 
tude for the emitted photon numbers as in the measure- 
ments. However this model was excluded as it is a dis- 
tinct effect from Hawking emission and does not capture 
the main spectral features of [Hi- Finally, two very re- 
cent non-perturbative models for Hawking emission that 
include dispersion both predict photon numbers that are 
of the same order of magnitude Q or higher than in the 
measurements 0. 
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